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Overview
 

Timeline and Budget 
•	 Project start date: 10/2011* 
•	 Total DOE funds received to date: 

$1,185k 
•	 FY16 DOE funding: $200k 
•	 FY17 planned DOE funding: 

300k 

Barriers 
•	 Lack of current hydrogen refueling 

infrastructure performance and 
availability data 

Partners 
•	 Industry and agencies listed on 

collaborations slide 

*project continuation and direction 
determined annually by DOE 
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Relevance: Evaluating Existing Stations/Equipment
 

A very young market 
•	 27 retail stations in CA 
•	 925 registered FCEVs in CA (CARB -

Oct, 2016) 
•	 Multiple technological approaches 

Objectives 
•	 Use existing stations as real-world guide 

for future innovations 
•	 Identify issues for research 
•	 Have results readily available 

ITM Power, Riverside, CA.  Photo: NREL 

First Element, Costa Mesa, CA. Photo: NREL 
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Approach: NFCTEC Data/Analysis/Results Handling
 

Bundled data (operation 

and maintenance/safety)
 

Composite Data Products (CDPs) 
• Aggregated data across multiple systems, 
sites, and teams 
• Publish analysis results without revealing 
proprietary data every 6 months2 

NREL’s National Fuel Cell 
Technology Evaluation Center 

CDPs 

DDPs 

Detailed Data Products (DDPs) 
• Individual data analyses 
• Identify individual contribution to CDPs 
• Only shared with partner who supplied 
data every 6 months1 

Results 

Internal analysis 
completed quarterly 

delivered to NREL quarterly 

Confidential 
Public 

1) Data exchange may happen more frequently based on data, analysis, and collaboration 
2) Results published via NREL Tech Val website, conferences, and reports 
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Approach: Data Templates
 

Data Templates 
•	 Aggregation requires multiple partners providing the same type of data 
•	 NREL templates in the latest California Energy Commissions Grant Funding 

Opportunity GFO-15-605 
o	 Proposed awards announced in Feb 2017 
o	 $33 million, 16 stations (1 Air Liquide, 8 First Element, 7 Shell) 

•	 Stations also reporting through DOE contracts 
•	 NOT static 

o	 Updated as needed (station downtime, fueling performance) 
o	 Modified for other uses (ex. Mobile Fueler) 
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Collaborations 

Data	 Requirements >	 Data	 Reporting >	 Analysis Results >	 Feedback
 

Air	 Liquide 
Air	 Products 

California State 	University 	Los 	Angeles 
First 	Element 
H2 Frontier 

Linde 
Proton	 OnSite 

Shell 

California Energy Commission 
California Air Resources Board 

California Fuel Cell Partnership 
IPHE	 and HySUT 

Gas Technology Institute 
H2USA 

H2FIRST 
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Approach: Hydrogen Station Locations
 

•	 AFDC links to station availability using CaFCP-
SOSS 
• Mobile phone availability for both 

•	 Alternative Fuels Data Center 
(AFDC) – U.S. H2 Stations 
•	 35 public stations on AFDC where 

anyone can fill (subject to prior 
authorization, station activated, 
OEM approval, includes retail) 
•	 27 retail stations (Point of Sale). 
•	 Only in CA. 
•	 4 northeast stations soon 
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  Hydrogen Station Count (serving on-road vehicles)
 

• 61 stations in U.S. 
o 35 “Public” Stations 

– 27 “Retail” Stations 

• Stations providing performance data
 
o 26 retail stations 
o 9 non-retail 

Photos: NREL
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Approach: Analysis Categories
 

Deployment 

Energy 

Cost Safety 

Reliability 

Utilization 

Quality 

Performance 
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Approach: Separating out Retail Stations
 

Composite Data Products 

Retail Stations All Stations 

•	 Most recent 
•	 Sell H2 by the kg 
•	 No special approval, 

any OEM FCEV can fill 
•	 Credit card 
•	 81 CDPs 

•	 Includes retail and 
demonstration stations 
•	 81 CDPs 
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Accomplishment: 	Separating 	out 	Retail 	Stations 
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	 	Accomplishment: Example – All	 Stations 
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Cumulative 	Number 	of 	Stations 
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Retail stations ramping up. 
2017Q1: 	26	Open, 	36	more 	planned. 



	

	 	 	 	 	 	 	
	 	 	 	 	 	

Station Types
 

• Although most stations are compressed H2 delivery,	 we 
also have liquid delivery and onsite electrolysis. 
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Accomplishments	and	Progress:
Hydrogen	Dispensed	by	Quarter

Retail	stations	dispensing	significantly	more	each	quarter



Accomplishments	and	Progress:
 
Capacity	Utilization 

As	stations	dispense	more,	 their	 capacity	utilization	is	increasing
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Accomplishments	and	Progress:
 
Monthly 	Averages 	for 	700bar 	Fills 	>1kg	with 	Pre-Cool	of	-40C
 

Time	 to	fill	is	decreasing	to	3.8	minutes	on	average. 
Average	 amount	filled	=	3.1	kg 
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Accomplishments	and	Progress:
 
Fuel	Delivery	Temperature
 

Measurement	 is	downstream	of	receptacle	 instead	of	
at	 breakaway	but	 shows	fuel	temperature	 outside	 
limits	for	type	 of	fill. 
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Accomplishments	 and	Progress: 
Daily	Fueling	by	Month	– Retail	Stations 

Quite a 	few 	“outliers” 	above 	50	kg/day	
and	average	is	 increasing 
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Accomplishments	and	Progress:
Maintenance	by	Equipment	Type	– Retail	Stations
Most	maintenance	is	now	on	dispensers	instead	of	compressors.		
Chiller	maintenance	increased	(stations	now	fill	at	-40	C).
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Accomplishments	and	Progress:
Dispenser	Maintenance	Cause	and	Effects	

10	new	CDPs	similar	to	this	one	for	different	components
Preventative	Maintenance	accounted	for	35%	(not	shown)
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Accomplishments	and	Progress:
Failure	Rates	by	kg	Dispensed	(bathtub	curve)

Failure	rates	going	down	as	more	hydrogen	dispensed	
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Accomplishments	and	Progress:
H2	Quality

Small	data	set	shows	1	high	
HC	(ok	since	it’s	methane)	and	
1	high	N2	during	
commissioning
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Accomplishments	and	Progress:
Carbon	Monoxide	Measurements	– Retail	Stations

Individual	constituent	CDPs	show	range	of	values	at	stations.		Here	CO	is	well	below	limits	but	is	
useful	for	fuel	cell	developers	to	see	what	their	equipment	will	be	exposed	to	at	these	stations.
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Accomplishments	and	Progress:
Safety	Reports	by	Primary	Factors

Items	include:
Not	following	procedures	
Hydrogen	leaks	- dispenser,	thermal	mgmt
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Accomplishments	and	Progress:
Electricity	Usage	per	kg	Dispensed

Station	kWh/kg	drops	as	more	H2	dispensed



Accomplishments	 and	Progress: 
Sampling	 of	Results	– Retail	Stations 

Fueling Rate	Average 0.82	 kg/min 

Fueling	 Amount	Average 2.86	 kg 

Fueling 	Time	Average 3.6	 min 

Compressor	Energy	 Average 3.65	 kWh/kg 

Total 	Hydrogen Dispensed	 107,231	 kg 
(26	Stations) 

Electrolyzer Energy 	Average 62	 kWh/kg 
(non-retail	stations) 

Maintenance Hours 	Average 23 hours/month 

Fueling Final 	Pressure	Average 779	 bar 

Fills 	per 	H2 	Leaks Average 289	 Fills	 per	H2	 Leak 
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Accomplishments	and 	Progress: 
CDPs available by topic 
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Accomplishments and Progress:
 
Responses to Previous Year Reviewers’ Comments
 

•	 Reviewer comment: Confusion about station count 
o	 There are 27 retail stations (OEMs most interested in this

number) 
o	 Performance data from 26 current retail stations and 9 

non-retail stations 
•	 Reviewer comment: Unsure NREL can manage increasing

amount of data 
o	 We have setup several new automatic data capture and 

analysis routines in our NREL Fleet Analysis Toolkit (in
Matlab). 

•	 Reviewer: Looking forward to the new stations and the 
separation of retail vs. demonstration. 
o	 Now have separate CDPs for “Retail” Stations and “All”

Stations 
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Proposed Future Work
 

•	 Analysis and CDP publication 
o	 Complete data analysis and publish results 

–	 Calendar 2017 Q1 and Q2 
–	 Calendar 2017 Q3 and Q4 

•	 Update data collection, analysis and feedback 
o	 Add availability of stations 
o	 Work with station providers to deep dive into specific issues as they 

arise for feedback to research 
o	 Identify needs for future stations 
o	 Increase international collaboration 

Any proposed future work is subject to change based on funding levels. 
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Summary
 

• Relevance 
o	 Independent validation of hydrogen infrastructure 

• Approach 
o	 Collaborate with industry partners and agencies involved in hydrogen infrastructure 
o	 Continue to develop core NFCTEC and analysis capability and tools 
o	 Leverage years of analysis and experience from hydrogen demonstrations 

• Accomplishments and Progress 
o	 Analyzed performance data from 35 stations 
o	 Performed detailed reviews of individual results 
o	 Published results via CDPs that cover topics of station daily utilization compared to

maximum demonstrated capacity, maintenance, fueling performance, operation
costs, and efficiencies 

• Collaborations 
o	 Working closely with industry and government partners to validate methodology

and with key stakeholders to ensure relevance and accuracy of results 

• Future Work 
o	 Complete analysis of hydrogen infrastructure data and publish every 6 months 
o	 Identify new opportunities to document hydrogen infrastructure progress and 

feedback results to researchers 
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Thank You!
 

CDPs available at
 
www.nrel.gov/hydrogen/proj_tech_validation
 

www.nrel.gov/hydrogen/proj_tech_validation


Technical Back-Up Slides
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Accomplishment:	Fueling	Final	Pressures

Average	pressure	at	end	of	fill:
Low	pressure	fills:	338	bar
High	pressure	fills:	779	bar	
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Accomplishment:	Hydrogen	per	Day	of	Week

Most	hydrogen	is	dispensed	Monday	through	Friday
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Accomplishment:	Filling	by	Time	of	Day

H2	peaks	around	noon	vs	late	afternoon	for	Gasoline	
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Accomplishment:	Station	Capacity	Utilization

Stations	are	dispensing	well	below	their	stated	
capacity
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Accomplishment:	Maintenance	Labor	Hours	by	Month




